Role of tumor necrosis factor alpha and sphingomyelin cycle activation in the induction of apoptosis by ischemia/reperfusion of the liver.
The signal transduction pathways triggering apoptotic mechanisms after ischemia/reperfusion may involve TNF-alpha secretion, ceramide generation, and initiation of lipid peroxidation. In the present study involvement of the TNF-alpha, sphingomyelin cycle, and lipid peroxidation in the initiation of apoptosis induced in liver cells by ischemia and reperfusion was investigated. Wistar rats were subjected to total liver ischemia (for 15, 30 min, and 1 h) followed by subsequent reperfusion. Ischemia caused sharp decrease of neutral sphingomyelinase activity. Activity of acidic sphingomyelinase initially decreased (during 15-30 min ischemia) but then increased (after 1 h of ischemic injury). Reperfusion of the ischemic lobe of the liver caused increase in neutral sphingomyelinase activity and decrease in acidic sphingomyelinase activity. A small amount of TNF-alpha detected by immunoblotting analysis was accumulated in the ischemic area of liver rapidly and the content of this cytokine dramatically increased after the reperfusion. TNF-alpha is known to induce free radical production. We found that the accumulation of TNF and increase of sphingomyelinase activity during the development of ischemic/reperfusion injury coincided with increase in content of lipid peroxidation products (conjugated dienes) and DNA degradation detected by gel electrophoresis. Recently it was shown that superoxide radicals are used as signaling molecules within the sphingomyelin pathway. This suggests the existence of cross-talk between the oxidation system and the sphingomyelin cycle in cells, which may have important implications for the initial phase and subsequent development of post-ischemic injury.